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. 
POTASSIUM CORROSION TEST LOOP DEVELOPMENT 

I .  INTRODUCTION 

1 

t 

This  r e p o r t  covers  t h e  per iod ,  from January 15, 1966 t o  A p r i l  15, 1966, 
of a program t o  develop a Pro to type  Corrosion T e s t  Loop f o r  t h e  e v a l u a t i o n  of 
r e f r a c t o r y  a l l o y s  i n  b o i l i n g  and condensing potassium environments which simu- 
l a t e  p r o j e c t  space e l e c t r i c  power s y s t e m s ,  The pro to type  testaansists of 
a two-loop Cb-1Zr f a c i l i t y ;  sodium i s  heated by d i r e c t  r e s i s t a n c e  i n  t h e  p r i -  
mary loop  and i s  used i n  a hea t  exchanger t o  b o i l  potassium i n  t h e  Secondary 
co r ros ion  test  loop.  Heat r e j e c t i o n  f o r  condensat ion i n  t h e  secondary loop 
i s  accomplished by r a d i a t i o n  i n  a high-vacuum environment. The immediate 
co r ros ion  test des ign  cond i t ions  are  shown below; i t  i s  expected t h a t  t h e  
temperature  could be inc reased  by about 400°F when t e s t i n g  i s  extended t o  
inc lude  r e f r a c t o r y  a l l o y s  s t r o n g e r  than  Cb-1Zr. 

1. Bo i l ing  temperature ,  1900°F 

2. Superheat temperature ,  2000°F 

3. Condensing Temperature, 1350°F 

4. Subcooling temperature ,  800°F 

5 .  Mass flow r a t e ,  20 t o  4 0  I b / h r  

6 .  Vapor v e l o c i t y ,  100 t o  150 f t / s e c  

7.  Average hea t  f l u x  i n  t h e  potassium b o i l e r  - 
50,000 t o  100,000 BTU/hr f t 2  

The development program inc ludes  the c o n s t r u c t i o n  and o p e r a t i o n  of t h r e e  
Cb-1Zr t es t  loops, each of which a r e  being used i n  a sequence of componeit 
e v a l u a t i o n  and endurance t e s t i n g .  Loop I ,  a n a t u r a l  convect ion loop,  has  been 
ope ra t ed  f o r  1,000 hours  wi th  l i q u i d  sodium a t  a maximum temperature  of 2260°F 
t o  2380°F t o  e v a l u a t e  t h e  e lec t r ica l  power vacuum feedthroughs ,  thermocouples,  
t h e  method of  a t t a c h i n g  t h e  e l e c t r o d e s ,  t h e  e lec t r ica l  r e s i s t i v i t y  cha rac t e r -  
i s t i c s  of t h e  h e a t e r  segment, and t h e  use of thermal and e l e c t r i c a l  i n s u l a t i o n .  
Loop 11, a s ingle-phase  sodium, fo rced -c i r cu la t ion  loop  t o  e v a l u a t e  t h e  p r i m r y  
loop  EM pump, a flowmeter,  f low c o n t r o l  and i s o l a t i o n  va lves ,  and p res su re  t r ans -  
duce r s ,  h a s  completed 2,650 hours  of scheduled t e s t i n g .  This loop  w a s  oper- 
a t e d  a t  a maximum tamperature  of 2065°F and a pump i n l e t  temperature  of 1985°F. 
The P ro to type  Corros ion  T e s t  Loop, a two-loop sys t em,  i n c l u d e s  a b o i l e r ,  
t u r b i n e  s i m u l a t o r  and condenser i n  add i t ion  t o  t h e  above components. Th i s  
f a c i l i t y  was used t o  develop and endurance test  (5 ,000 hours)  t h e  components 
r equ i r ed  t o  achieve  s t a b l e  ope ra t ion  a t  t h e  co r ros ion  tes t  des ign  cond i t ions .  
The 5,000-hour test  has  been completed ar.d t h e  eva lua t ion  phase of t h e  program 
h a s  been i n i t i a t e d .  

-1- 



11. SuMgrlARY OF PROGRESS 

The Pro to type  Corros ion  Loop was re turned  t o  t h e  t e s t  cond i t ions  on January 
18,  1966, fo l lowing  t h e  shutdown on January 8. The  loop  opera ted  i n  a v e r y  
s t a b l e  and unevent fu l  manner dur ing  t h e  remainder of t h e  5,000-hour test .  The 
shutdown on March 9 was v e r y  smooth wi th  only minor and momentary b o i l i n g  in-  
s t a b i l i t i e s .  

Sodium and potassium w e r e  d i s t i l l e d  from t h e  loop  components and samples 
were taken from each c i r c u i t  dur ing  the d ra in ing  ope ra t ion .  The r e s u l t s  of 
t h e  ana lyses  performed on t h e  a l k a l i  m e t a l  samples i n d i c a t e d  t h a t  no contam- 
i n a t i o n  had occurred dur ing  t h e  experiment. 

C a l i b r a t i o n  of t h e  B l a c k  diaphmgm preesupe t r ansduee r s  i n d i c a t e d  t h a t  no 
o k s n g ~ e  bad orrcutrepE in 1 ~ B S ~ Q R B ~  c h e r w t e x i s t i c u  of : C h . q  treqduacrs  dur ing  
the  5,000-hour tes t ,  

Visual  examination of t h e  t e s t  loop  proper  and t h e  a u x i l i a r y  components 
gave no i n d i c a t i o n  of s y s t e m  degrada t ion  o r  Contamination. In  most c a s e s  
t h e  appearance of t he  r e f r a c t o r y  a l l o y  components was n e a r l y  i d e n t i c a l  wi th  
t h e  p r e - t e s t  appearance.  

The Mo-TZM a l l o y  t u r b i n e  s imula to r  nozz le  and b lade  specimens showed no 
s i g n i f i c a n t  co r ros ion  o r  e ros ion .  Weight change d a t a  obta ined  on t h e  nozz le s  
and b l ades  i n d i c a t e d  tha t  no changes had occurred  du r ing  t h e  test .  

Pre l iminary  chemical a n a l y s i s  r e s u l t s  on Cb-1Zr f o i l  and tube  specimens 
i n d i c a t e d  on ly  very s l i g h t  oxygen contaminat ion r e s u l t e d  from exposure i n  
t h e  vacuum environment dur ing  the  5,000-hour t e s t .  



. 
111. PROGR M ST - .TUS - 

A .  RESUMPTION OF PROTOTYPE CORROSION LOOP OPERATION 

The  Pro to type  Loop test was r e s t a r t e d  on January 17, 1966, a f t e r  r e p a i r s  
t o  t h e  water  coo l ing  channel of t h e  spool s e c t i o n  were completed(1) .  
s t a r t - u p  procedure i s  given h e r e  i n  d e t a i l  a s  i t  d e p a r t s  from the  procedure used 
i n  t h e  i n i t i a l  s t a r t u p  which w a s  descr ibed i n  an e a r l i e r  r e p o r t ( 2 ) .  
i n  t h e  s t a r t - u p  procedure w a s  made so t h a t  i t  would not  be necessary  t o  move 
t h e  meter ing va lve  plug from t h e  set pos i t i on .  
been moved and re turned  t o  t h e  approximate test p o s i t i o n ,  i t  was f e l t  t h a t  
even a small  change i n  t h e  p o s i t i o n  of t he  plug could a f f e c t  t h e  o p e r a t i n g  
c o n d i t i o n s  of t h e , l o o p  and obscure any small changes i n  t h e  loop  o p e r a t i n g  
c h a r a c t e r i s t i c s  which could have occurred du r ing  t h e  loop  shutdown. 

The 

A change 

Although t h e  va lve  could have 

The 500°F chamber bakeout was l imi t ed  t o  t h e  b e l l  j a r  s i n c e  t h e  epoxy 
r e s i n  used i n  s e a l i n g  t h e  water  cool ing  channels on the spool  s e c t i o n ( 3 )  was 
l i m i t e d  t o  an o p e r a t i n g  temperature  of 250°F. A b e l l  j a r  temperature  of 500°F 
w a s  s u f f i c i e n t  t o  hea t  t h e  e n t i r e  loop inc lud ing  t h e  su rge  tank above t h e  
me l t ing  po in t  of t h e  l i q u i d  metal. The  spool s e c t i o n  reached a maximum t e m -  
p e r a t u r e  of 245'F du r ing  t h e  bakeout and a vacuum chamber p re s su re  of 1 . 5  x 

t o r r  was obta ined  a t  t h e  end of  t h e  40-hour bakeout per iod .  The sodium 
and potassium EM pumps were turned on and set a t  10% of t h e  r a t e d  power t o  
h e a t  t h e  pump duc t s  t o  approximately 500'F and outgas  t he  metal  f o i l  i n s u l a -  
t i o n  which surrounds the duc t .  

P r i o r  t o  f i l l i n g  t h e  sodium c i r c u i t ,  t h e  EM pump was turned  o f f .  The 
argon p r e s s u r e  i n  t h e  sodium surge  tank was then inc reased  from 0 p s i a  t o  
20 p s i a  t o  fill t h e  loop.  The pump w a s  r e s t a r t e d  and when sodium c i r c u l a -  
t i o n  w a s  e s t a b l i s h e d  t h e  sodium h e a t e r  was turned  on and set a t  1 . 5  kw. 
The secondary loop  was then  f i l l e d  i n  t h e  same manner by i n c r e a s i n g  the 
argon p r e s s u r e  i n  t h e  potassium surge  t a n k  from 0 t o  7 p s i a .  The potassium 
pump was then  set a t  25% of t h e  0.11 GF'M des ign  f low rate and a l l  l i q u i d  oper- 
a t i o n  a t  a maximum tempera ture  of lOOOOF was cont inued f o r  t h e  next  14 hours  
t o  ou tgas  t h e  loop. The vacuum chamber p re s su re  decreased from 6 x 
t o  1 . 5  x t o r r  du r ing  t h i s  per iod .  

B o i l i n g  i n  t h e  potassium c i r c u i t  was i n i t i a t e d  by s l o w l y  i n c r e a s i n g  t h e  
power t o  t h e  sodium h e a t e r .  
exceeds t h e  s a t u r a t i o n  tempera ture  as set by t h e  argon p r e s s u r e  i n  the - su rge  
t ank .  A t  0853 hours  on January 18, 1966, b o i l i n g  o p e r a t i o n s  began a t  a 
sodium i n l e t  t empera ture  of 1295°F and a potassium vapor temperature  of 
1290°F. 
+ 1 p s i  a t  the b o i l e r  o u t l e t .  A decrease  i n  t h e  rate of temperature  rise of 
t h e  sodium c i r c u i t  w a s  also observed as more h e a t  w a s  t r a n s f e r r e d  from t h e  
sodium c i r c u i t  t o  t h e  b o i l i n g  potassium. During t h i s  rise i n  loop  o p e r a t i n g  
t empera tu re ,  the vacuum chamber p re s su re  inc reased  t o  2.6 x torr .  

Bo i l ing  occurs  when t h e  potassium temperature  

Bo i l ing  w a s  f i r s t  d e t e c t e d  by pressure  o s c i l l a t i o n s  of less than  
- 



During the next seven hours, the loop was slowly returned to the operating 
conditions which prevailed prior to the shutdown. The rate of the temperature 
rise was governed by the outgassing of the loop components as they increased in 
temperature. Loop control during this period was smooth and normal. Small 
adjustments to the power and flow rate were made as the chamber pressure 
decreased into the torr range. The procedure was to increase the heater 
power and then increase the secondary flow rate; using this technique, the 
boiling could be contained in the plug. If the boiling moved out of the Plug, 
a temporary instability occurred which could be corrected by either decreasing 
the potassium flow rate or  increasing the heater power, provided that the 
pressure in the test chamber was sufficiently low. During this stepwise Pro- 
cedure, the power to the preheater was also increased to raise the potassium 
inlet temperature. 

A leak check of the vacuum system during the startup revealed a small 
leak in the main flange between the spool and the bell jar which was attributed 
to differential thermal expansion between..the two flanges as the heat load 
varied in the chamber. The flange was resealed by retorquing the bolts to their 
pre-bakeout values. 

The new start-up procedure was smoother and less complicated than the 
original startup and is recommended for future tests of this type. A compari- 
son of the loop operating conditions before the 3,809-hour shutdown and after 
resuming the test indicated no significant differences in operating conditions. 

The loop conditions just prior to the end of the 5,000-hour test are 
shown in Figure 1 and are typical of the conditions before and after the 3,809- 
hour test shutdown. 

B. ARGON INSTABILITIES IN THE GETTER-ION PUMP 

So-called "argon instabilities'' have occurred in the Prototype Corrosion 
Loop test chamber getter-ion pump system at fairly regular time intervals of 
50 to 70 hours since the beginning of the test. A complete record of each 
of these pressure surges has been reported in the quarterly progress reports 
A typical pressure surge of the type observed in the Prototype Loop test 
chamber consists of a very rapid rise (less than 5 seconds) from a base pres- 
sure of 2.5 x lom8 to 1.5 x 
minutes) return to the pre-surge pressure level. Pressure bursts of this 
type are frequently encountered in diode type getter-ion pumps (6). 
referenced report states that it is typically necessary to pump air at 1 x 
lom5 torr for several hundred hours or 1 x torr for several thousand 
hours before argon instabilities are observed. During both the Component 
Evaluation Loop I1 test and the Prototype Corrosion Loop test "argon instabilities" 
were encountered after several hundred hours of operation at indicated ion 
gauge pressures in the to torr range Although these instabilities 
have been Studied for sometime, Jepsen, et al. f 6 ) ,  report that no completely 
satisfactory explanation for the instable argon behavior has been proposed. 
In another Study of the argon instability phenomena, Br~baker'~) has reported 

(4,5) 

torr and a more sluggish (approximately 5 

The 
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Figure 1. Prototype Corrosion Loop Test Conditions. (CDC 5458) 
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t h a t  none of t h e  o t h e r  gages p re sen t  a r e  found t o  p a r t a k e  i n  t h e  v i o l e n t  pres -  
s u r e  excursions experienced by t h e  argon. In  o r d e r  t o  determine i f  t h e  p r e s s u r e  
su rges  observed i n  t h e  tes t  chambers a t  General E lec t r ic  were due s o l e l y  t o  
argon,  cont inuous scans  f o r  i nd iv idua l  s p e c i e s  were conducted,  An argon peak 
he igh t  was measured dur ing  an i n s t a b i l i t y  which occurred  on January 28, 1966, 
and t h e  hydrogen peak he igh t  was measured dur ing  an i n s t a b i l i t y  which occurred  
on February 2 ,  1966. I t  was somewhat of a s u r p r i s e  t o  n o t e  t h a t  t h e  su rge  i n  
hydrogen p res su re  du r ing  t h e  i n s t a b i l i t y  was somewhat l a r g e r  than  t h e  argon 
p r e s s u r e  surge ,  These r e s u l t s  a r e  summarized i n  Table I .  S ince  both  argon 
and hydrogen and poss ib ly  o t h e r  gases ,  c o n t r i b u t e  t o  t h e  observed p r e s s u r e  
s u r g e s ,  t hese  r e s u l t s  do not  agree  wi th  t h e  r e s u l t s  r e p o r t e d  by Brubaker 
above. 

(7) 

The i n s t a b i l i t i e s  r e p o r t e d  he re  occur  much less f r e q u e n t l y  than  those  
u s u a l l y  c i t e d  i n  t h e  l i t e r a t u r e  and a t  a much lower argon p r e s s u r e .  For example, 
B r ~ b a k e r ' ~ )  reports argon p r e s s u r e  i n s t a b i l i t i e s  a t  1 x t o r r  a r g o n  
p r e s s u r e  and a t  approximately 10 minute i n t e r v a l s  wh i l e  t hose  found i n  t h e  
loop tes t  chambers occurred  a t  argon p r e s s u r  e s n e a r 5 x 1 0  - t o r r  and 
a t  50- t o  70-hour i n t e r v a l s .  These obse rva t ions  s u b s t a n t i a t e  t h e  r a t h e r  gene ra l  
r u l e  t h a t  t h e  frequency of the i n s t a b i l i t i e s  i s  roughly p r o p o r t i o n a l  t o  t h e  
argon p res su re .  Thus whi le  t h e  i n s t a b i l i t i e s  a r e  r,oted a t  r a t h e r  l ong  t i m e  
i n t e r v a l s  and a r e  no t  de t r imen ta l  t o  Pro to type  Tes t  Loop o p e r a t i o n ,  they  can 
compl ica te  t h e  o p e r a t i o n  of p r e s s u r e  s e n s i n g  systems designed t o  shutdown tes ts  
of t h i s  t y p e  when p r e s s u r e  rises occur .  Fol lowing complet ion of t h e  5,000- 
hour t e s t ,  c o n s i d e r a t i o n  w i l l  be  given t o  r e p l a c i n g  t h e  s t a n d a r d  g e t t e r - i o n  
pump e l e m e n t s  w i th  s l o t t e d  "Super" g e t t e r - i o n  pump elements* which have an argon 
pumping speed of 6 pe rcen t  of t h e  a i r  speed compared t o  1 pe rcen t  f o r  t h e  
s t anda rd  elements .  

C. TERMINATION QF THE PR0W)ThlPE CORROSION LOOP TEST - 
The Pro to type  Corrosion LOOP Tes t  was t e rmina ted  a t  0700 on March 9 ,  1966 

a f t e r  completing 5,000-hours of ope ra t ion .  The power t o  t h e  h e a t e r s  and pumps 
was gradual ly  reduced over  a one-hour p e r i o d  w i t h  no s i g n i f i c a n t  p r e s s u r e  o r  
temperature  i n s t a b i l i t i e s  occur r ing  du r ing  t h e  shutdown. While t h e  loop  was 
coo l ing  down, tests were made t o  de te rmine  t h e  e a s e  of o p e r a t i o n  of t h e  meter- 
i n g  and i s o l a t i o n  va lves  i n  t h e  potassium c i r c u i t  and t h e  s h u t t e r  assembly on 
t h e  condenser-subcooler.  Both va lves  were opened and c losed  approximately 
one-half t h e  t o t a l  va lve  s t e m  t r a v e l  (0.125 i n c h ) .  Opera t ion  of t h e  v a l v e s  
was very smooth for t h e  f i r s t  20 o r  30 m i l ;  of s t e m  t r a v e l  bu t  became rough 
w i t h  add i t iona l  opening, The roughness i s  a t t r i b u t e d  t o  g a l l i n g  between t h e  
s t a i n l e s s  steel  d r i v e  g e a r s  of t h e  v a l v e s ,  (A m a t e r i a l  w i t h  l e s s  g a l l i n g  ten- 
denc ies  than s t a i n l e s s  s t ee l  w i l l  be used  i n  f a b r i c a t i n g  d r i v e  g e a r s  f o r  v a l v e s  
i n  f u t u r e  t e s t s . )  The s h u t t e r  assembly was opened and c l o s e d  t h r e e  t i m e s  and 
r e q u i r e d  very l i t t l e  to rque  on t h e  magnet ic  r o t a r y  feedthrough.  When t h e  loop  
had cooled t o  less than  800°F, t h e  argon was pumped from t h e  s u r g e  t a n k s  and 
t h e  two c i r c u i t s  d ra ined  t o  t h e s e  tanks .  

* Varian Vacuum Div i s ion ,  Pa lo  A l t o ,  C a l i f o r n i a .  



TABLE I .  ARGON AND HYDROGEN PRESSURE SURGES DURING "ARGON 
INSTABILITIES" I N  THE PROTOTYPE CORROSION LOOP TEST CHAMBER 

Argon Scan 
1-28-66 (1520) 

Hydrogen Scan 
2-2-66 (1430) 

I n d i c a t e d  Ion  Gauge P res su re  3.0 x t o r r  2 .5  x 10-8 t o r r  

True Base Pressurea of G a s  P r i o r  4 .3  x t o r r  7.5 x t o r r  
t o  I n s t a b i l i t y  

True Peak P res su re  of G a s  During 2.0 x t o r r  )3.3 x t o r r *  
I n s t a b i l i t y  

True P r e s s u r e  1 0  Seconds Later 9.0 x t o r r  1 . 4  x t o r r  

-10 
*Peak was off scale on the 1 0  x 1 0  amp scale. 

a)True P r e s s u r e  (Torr) is  ob ta ined  by d iv id ing  t h e  Ion Gauge P a r t i a l  P re s su re  
(Torr)  by t h e  i o n  gauge s e n s i t i v i t y  r e l a t i v e  t o  n i t r o g e n .  

t 
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Pressu re  r i s e  rates were obta ined  wi th  t h e  loop  a t  ope ra t ing  temperature  and 
w i t h  t h e  sys t em a t  room temperature  fo l lowing  tes t  shutdown. Following test 
shutdown and b e f o r e  opening t h e  test chamber, t h e  p a r t i a l  p re s su re  gas  ana lyze r  
was r e c a l i b r a t e d  u s i n g  t h e  gases ,  helium, hydrogen, n i t rogen  and argon. The 
r e s u l t s  of  t h i s  c a l i b r a t i o n  and a d i scuss ion  of t h e  tes t  chamber environment and 
p res su re  r i s e  rates a r e  d iscussed  i n  Sec t ion  D of t h i s  r e p o r t .  

, 
! 

1 The tes t  chamber was opened on March 11, 1966, and t h e  components examined 
v i s u a l l y  by t h e  NASA Technical  Managers and program personnd.  I n  gene ra l ,  t h e  1 

I 

1 
I 

p r e t e s t  and post-test  appearance of t h e  v i s i b l e  components was q u i t e  s i m i l a r .  
Two views of t h e  loop  fo l lowing  removal of t h e  b e l l  j a r  a r e  shown i n  F igu res  2 
and 3. 

D. TEST CHAMBER ENVIRONMENT 

During opera t ion  of t h e  Pro to type  Corrosion Loop, r e s i d u a l  gas  ana lyses  
were performed us ing  a GE magnetic d e f l e c t i o n  type p a r t i a l  p re s su re  ana lyzer .  
The ana lyzer  tube  (Model 22KT120) has  an exposed i o n  source  and i s  mounted on 
t h e  chamber sump as shown i n  F igure  4 .  The system i o n  gauge, a g a i n s t  which 
t h e  p a r t i a l  pressure ana lyze r  i s  c a l i b r a t e d ,  and t h e  v a r i a b l e  l e a k  va lve  
a l s o  i s  shown i n  F igu re  4.  The v a r i a b l e  l eak  va lve  i s  used t o  admit va r ious  
gases  i n t o  the  chamber dur ing  c a l i b r a t i o n  of t h e  ana lyze r .  F igu re  5 shows 
t h e  e l e c t r o n i c  c o n t r o l  u n i t  (GE Model 2 2 x 1 2 0 )  f o r  t h e  p a r t i a l  p r e s s u r e  
ana lyze r ,  and t h e  X-Y r eco rde r  used t o  record  t h e  mass s p e c t r a .  

1. C a l i b r a t i o n  o f  t h e  P a r t i a l  P re s su re  Analyzer 
--~I -I___ I. 

The p a r t i a l  p re s su re  ana lyze r  was i n i t i a l l y  c a l i b r a t e d  be fo re  t h e  loop  
This  c a l i b r a t i o n ,  desc r ibed  i n  a pre- was i n s t a l l e d  i n  t h e  vacuum chamber. 

v ious  progress  r epor t (81 ,  showed e x c e l l e n t  s e n s i t i v i t y  of t h e  ana lyze r ,  How- 
ever ,  a f t e r  the  loop was i n s t a l l e d  i n  t h e  chamber and t h e  chamber once aga in  
evacuated and baked o u t ,  t h e  s e n s i t i v i t y  w a s  q u i t e  Pow compared t o  t h a t  ob- 
t a i n e d  i n  t h e  i n i t i a l  c a l i b r a t i o n .  This  loss of s e n s i t i v i t y  has  been g e n e r a l l y  
observed when t h e  e l e c t r o n  m u l t i p l i e r  i s  exposed t o  t h e  atmosphere. The 
e l e c t r o n  m u l t i p l i e r  was then  baked ou t  a t  about 600°F for 20 hours  wi th  a 
r e s u l t i n g  inc rease  i n  s e n s i t i v i t y  t o  about 530 of i t s  previous  l e v e l .  

A f t e r  t h e  loop  was i n s t a l l e d  i n  t h e  chamber, t h e r e  w a s  no oppor tun i ty  
t o  perform an accu ra t e  c a l i b r a t i o n  of t h e  ana lyze r  because of t h e  r e l a t i v e l y  
high p res su re  (10-7 t o r r  range) wi th in  t h e  chamber. F o r  t h e  c a l c u l a t i o n  of 
t h e  va r ious  p a r t i a l  p re s su res  dur ing  loop o p e r a t i o n ,  i t  was t h u s  necessary  
t o  i n d i r e c t l y  o b t a i n  t h e  r equ i r ed  c a l i b r a t i o n  f a c t o r s .  The c a l i b r a t i o n  
f a c t o r  i s  here  def ined  a s  t h a t  number by which t h e  i o n  c u r r e n t  i s  m u l t i p l i e d  
t o  g i v e  t h e  ind ica t ed  i o n  gauge p a r t i a l  p r e s s u r e  of a p a r t i c u l a r  gas .  The 
gene ra l  procedure used i n  ob ta in ing  t h e s e  f a c t o r s  was t o  assume t h a t  t h e  
r e l a t i v e  s e n s i t i v i t y  from one gas  t o  ano the r  was t h e  same a s  f o r  t h e  i n i t i a l  
c a l i b r a t i o n ,  and t h a t  t h e  sum of t h e  c a l c u l a t e d  p a r t i a l  i o n  gauge p r e s s u r e s  
i s  equal  t o  the  ion  gauge reading .  A sumnary of t h e  c a l i b r a t i o n  f a c t o r s  used 
throughout the Pro to type  Loop tests i s  g iven  i n  Table  11. The t h i r d  Column 
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F i g u r e  2. P ro to type  Corros ion  Loop Af te r  Removal of t h e  Vacuum Chamber 
B e l l  Jar Following Completion of t h e  5000-Hour T e s t .  
(Orig. C66031427) 
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Potassium iR I 

Figure  3. Lower Por t ion  of t h e  P ro to type  Corros ion  Loop Following Removal 
of t h e  Vacuum Chamber B e l l  Jar. (Orig. C66031432)  
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. 

i g u r e  4 .  Ion  Gauge, P a r t i a l  P re s su re  Analyzer Tube and V a r i a b l e  Leak Valve 
Mounted on Chamber Sump. (Orig. C66050427) 
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of Table I1 shows the  r e s u l t s  of t h e  i n i t i a l  c a l i b r a t i o n  of t he  anplyzer.  Three 
sepa ra t e  s e t s  of c a l i b r a t i q n  f a c t o r s  were used throughout t he  durat ion of t he  
Prototype Loop t e s t .  The f i r s t  set of f a c t o r s ,  shown i n  column 4 of Table 11, 
was used f o r  spec t r a  obtained between -77 and +187 t e s t  hours. A t  187 test  
hours,  t h e  def lec t ion  e l ec t rode  vol tages  were readjusted and new c a l i b r a t i o n  
f a c t o r s  were ca l cu la t ed .  These f a c t o r s ,  shown i n  column 5 of Table 11, were 
used f o r  spec t ra  obtained between 187 and 3,809 test hours. During the  test 
shutdown a t  3,809 test hours, a new analyzer  tube was i n s t a l l e d  and used u n t i l  
t he  conclusion of the  t e s t .  T h i s  change i n  analyzer  tubes necess i t a t ed  another  
evaluat ion of the  c a l i b r a t i o n  f a c t o r s  f o r  t he  d i f f e r e n t  spec ies ,  as given i n  
the  s i x t h  column of Table 11. A t  the  conclusion of t he  5,000-hour tes t ,  an 
attempt was made t o  c a l i b r a t e  the  analyzer tube.  
i n  t h i s  c a l i b r a t i o n  due t o  the  r e l a t i v e l y  high pressure  (10-8 torr range) i n  
the  chamber and i n a b i l i t y  t o  hold constant  pressure  when a pure gas was admitted 
t o  t h e  chamber. Furthermore, addi t ion  of one gas t o  the  chamber r e su l t ed  i n  
considerable  increase  i n  t h e  pressures  of the  o t h e r  gases .  In  s p i t e  of these 
problems, c a l i b r a t i o n  f a c t o r s  wi th in  about 20% of t h e  values  shown i n  column 
6 of Table I1 were obtained f o r  H He, N and A r .  

D i f f i c u l t i e s  were encountered 

2’  2 

In  the  l a s t  column of Table 11, the  r e l a t i v e  ion  gauge s e n s i t i v i t i e s  
f o r  t he  various spec ies  a r e  l i s t e d .  TSue p a r t i a l  p ressure  of a p a r t i c u l a r  gas 
may be obtained by d iv id ing  t h e  ind ica ted  ion  gauge p a r t i a l  p ressure  by the  
r e l a t i v e  i o n  gauge s e n s i t i v i t y .  

2 .  I n t e r p r e t a t i o n  of Mass Spectra  

Since complete cracking p a t t e r n s  were not obtained f o r  a l l  gaseous spec ie s ,  
i t  was not  poss ib le  t o  completely determine t h e  con t r ibu t ion  of each ion a t  
every mass number. However, f o r  most of t h e  t e s t  dura t ion ,  chamber p res su res  
were i n  t he  low t o r r  range and mass spec t r a  were s i m p l e  enough t h a t  t h e r e  
was l i t t l e  d i f f i c u l t y  i n  c a l c u l a t i n g  the  p a r t i a l  p ressures  of t he  ind iv idua l  
spec ies .  

A typ ica l  mass spectrum, obtained a f t e r  2,494 hours of loop opera t ion ,  i s  
shown i n  Table 111. The second column of Table I11 gives  t h e  ion  w i t h  t he  
g r e a t e s t  cont r ibu t ion  a t  a p a r t i c u l a r  mass number. The  peak a t  m / e  = 14 could 
possibly be due t o  CH2+, CO++, o r  N+. However, the  magnitude of t h e  14 peak 
i n  comparison t o  t h e  12 and 15 peak i n d i c a t e s  t h a t  t h e  major con t r ibu t ion  i s  
from &+. Simi lar ly ,  the  major con t r ibu t ion  a t  m/e = 28 i s  from N2+. The mag- 
n i tude  of the  15 peak i n  comparison t o  the  32 peak i n d i c a t e s  tha t  t h e  peak 
m/e = 16 contains  cont r ibu t ions  from both O+ and CH4+. The ion  cu r ren t  a t  
m / e  = 20 is a t t r i b u t e d  t o  A r + +  r a t h e r  than Ne+  s i n c e  no apprec iab le  ion  cur- 
r e n t  was detected f o r  t he  m / e  = 22 neon i so tope .  

The ion  gauge p a r t i a l  p ressures ,  ca l cu la t ed  from t h e  c a l i b r a t i o n  f a c t o r s  
given i n  column 5 of Table 11, a r e  shown i n  column 4 of Table 111. 
t h e  Pressure ca lcu la ted  from the fragment CH3+ peak a t  m / e  = 15 does not 
represent  a r ea l  res idua l  gas pressure  wi th in  t h e  chamber, i t  i s  a r e l a t i v e  
ind ica t ion  of the  t o t a l  hydrocarbon content .  

Although 

The sum of the  ion  gauge p a r t i a l  
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TABLE 111. TYPICAL M S S  SPECTRUM OBTAINED 
DURING PROTOTYPE LOOP OPERATION 

Run #175 - 11-14-65 (1000) 
Ion Gauge: 2.55 x Torr - 2,494 Test Hours 

m/e 

2 

4 

12 

13 

14 

15 

16 

17 

18 

20 

28 

32 

40 

44 

True 
b 

I on Ion Gauge 
Major Current Partial Pressurea Partial Pressure 
I on (Amp) (Torr) (Torr) 

7.9 2.2 5.2 H2+ 
-11 -11 -11 He+ 1.0 x 10 1.2 x 10 6.3 x 10 

-11 C+ 3.1 x 10' 

CH' 0.5 x 10-l' 

N+ 6.0 x lo-'' 
-10 -10 0.7 x 10 + 0.7 x 10 CH3 

1.9 x 10-l0 + O', CH, 

-10 
0 . 7  x 10 

OH+ 

H20+ 

++ Ar 

N2+ 
+ 

Ar+ 

O2 

c02 
+ 

4 

1.9 x 10-l0 
-10 -10 5.4 x 10 6.1 x 10 -10 

-10 

-9 

5.0 x 10 

5.0 x 10 

5.1 x 10 

1.1 x 10 -10 2.2 x 10-l0 2.6 x 10-l' 

8.2 8.2 

2.9 1.02 x 6.5 

6.6 x 10-l' 4.8 x -10 1.2 x 10 

T O T A L  2.21 x 2.14 x 

a) Ion Gauge Partial Pressure (Torr) is the product of the mass spectrometer ion 

b) True Partial Pressure (Torr) is obtained by dividing the Ion Gauge Partial 

current (amp) and the calibration factor (Torr/amp) obtained for the gas. 

Pressure (Torr) by the ion gauge sensitivity relative to nitrogen. 
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pressures is 13% lower than the actual ion gauge reading. This is considered 
to be quite good agreement, considering the approximations involved in the cal- 
ibration. The fifth column of Table 111 gives the true partial pressures of 
the various species. It should once again be noted that the ion gauge partial 
pressures are obtained directly from the calibration of the partial pressure 
analyzer against the ion gauge. These values are sometimes referred to as equiv- 
alent nitrogen pressures." The true partial pressures of the various gases are 
obtained from the ion gauge partial pressures and the relative ion gauge 
sensitivities which thus account for the differences in ionization efficiencies 
of the various gases. The main effect on the major species in the spectrum 
shown in Table I1 is that the true hydrogen partial pressure is considerably 
greater than the ion gauge partial pressure of hydrogen, while the true argon 
partial pressure is lower than the ion gauge argon pressure. The true nitrogen 
partial pressure is, of course, the same as the ion gauge partial nitrogen pressure 
since the ion gauge is calibrated fo r  nitrogen. 

11 

3 .  Partial Pressures of Various Species During Loop Operation 

Analyses of the residual gases in the chamber were performed at least once 
each day during the 5,000-hours of operation of the Prototype Loop. During the 
two start-up periods, analyses were performed more frequently in order to observe 
variations in partial pressures as the different components reached their operat- 
ing temperatures. In Figure 6 are shown the ion gauge reading and the true 
partial pressures during the 5,000-hours of Prototype Loop operation. Data are 
plotted at approximately 50-hour intervals. The ion gauge reading remained below 
1 x torr after 130 hours of loop operation and was between 2 x and 
3 x torr for most of the test. The major gaseous species in the system 
were N2+, Ar+, and H2+. 
N2+ and CO+, with the greater contribution from N2+, as discussed above. 
typical mass spectrum such as shown in Table 111, N2 , H2+,  and Ar account for 
92% of the total pressure in the chamber, (It is interesting to note that a 
general review of all the mass analyzer traces obtained during the operation of 

order of decreasing gas concentrations: 
of CHq', Art and He'.) 

The peak at m/e = 28 contains contributions from both 
In a + + 

torr creep systems on a current NASA contract(') indicated the following 
CO', H20+, C02+, H2+ with small quantities 

The relatively high nitrogen pressure in the Prototype Loop Chamber probably 
arose from air leakage into the chamber. The surprisingly high argon pressure 
through the duration of the test is also attributed to air leakage and to the 
relatively low pumping speed of the ion pumps for argon. 
pumping speed for  argon appears to be about 2 percent of the nitrogen pumping 
speed(lO). Since the pumping speed for argon is lower than for nitrogen, the 
argon concentration builds up until equilibrium is reached where the quantity of 
argon pumped is equal to the quantity being admitted with the air. The result is 
that, under the particular conditions of loop operation, the argon pressure is 
only slightly less than the nitrogen pressure, even though the nitrogen to argon 
ratio in air is about 80. Hydrogen is evolved from various components in the 
system and is also invariably a major component in a well baked, ultra high 
vacuum sys tem. 

The long term "averaget1 

Of the minor constituents of the residual gases within the chamber, H20+ 
and CO2 Since these substances are strongly adsorbed 
on internal surfaces, their presence can generally be detected even in a Very 
thoroughly baked ultra high vacuum system. 

+ are the most abundant. 

Oxygen pressure was below 1 x 10'' 
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I 
t o r r  f o r  most of t he  t e s t  and was typ ica l ly  about 3 x 10-l' t o r r .  
source of oxygen appears t o  be a i r  leakage. However, the  n i t rogen  t o  oxygen 
r a t i o  i s  about 30 compared t o  t h e  value of about 4 f o r  a i r  even though oxygen 
pumping speed of t he  ion  pumps i s  only about 60 percent of t he  pumpicg speed f o r  

removing oxygen from t h e  sys t em.  An obvious add i t iona l  mechanism f o r  removal 
of oxygen i s  reac t ion  with t h e  Cb-1Zr components a t  e leva ted  temperature. 

The main 

I 
, nitrogen(l0I. I t  thus appears t h a t  t he re  a r e  add i t iona l  mechanisms a c t i v e  i n  

I 

Figure 7 shows t h e  v a r i a t i o n  i n  ion  gauge reading and t r u e  p a r t i a l  pres- 

t h e  shutdown a t  3,809 hours of loop operat ion,  The main f e a t u r e  i n  t h i s  p l o t  
i s  t h e  high hydrogen pressure  observed during r e s t a r t i n g  of t h e  loop. I t  
should be noted t h a t  such high hydrogen pressure was not  observed during the  
i n i t i a l  s t a r t u p  of t he  loop(1 l ) .  
ca l cu la t ed  from the  mass spec t r a  a c t u a l l y  exceeds the  ion  gauge reading f o r  
severa l  po in ts  i n  Figure 7 does not necessar i ly  represent  an inconsis tency 
s ince  t h e  reported t r u e  p a r t i a l  p re s su res  have been cor rec ted  f o r  i on iza t ion  
e f f i c i ency  and no such co r rec t ion  has been appl ied t o  t h e  ion  gauge reading. 
I t  might a l s o  be noted i n  Figure 7 t h a t  the r a t h e r  l a r g e  pressure excursions 
experienced during r e s t a r t i n g  of t h e  loop were accompanied q u i t e  genera l ly  
by an inc rease  i n  each of t h e  p a r t i a l  pressures .  

I s u r e s  observed a s  the  loop was brought up t o  opera t ing  temperature following 

The f a c t  t h a t  t h e  hydrogen p a r t i a l  p ressure  

4 .  Chamber Pressure Rise Rate with Ion P u m m  Off 

A t  t he  conclusion of 5,000 hours of Prototype Loop opera t ion ,  t he  ion  
pumps were turned off  and the  pressure r i s e  r a t e  wi th in  t h e  chamber was noted 
over  a per iod of one-half hour with the  loop maintained a t  opera t ing  tempera- 
t u r e s .  A s i m i l a r  t e s t  was made a f t e r  the loop was shutdown and allowed t o  
cool  f o r  about 20 hours.  A t  t he  conclusion of t h i s  cool  down period, t h e  loop 
components w e r e  e s s e n t i a l l y  a t  ambient temperature. The r e s u l t s  of t hese  
chamber pressure  rise r a t e  measurements with the  ion  pumps o f f  i s  shown i n  
Figure 8.  With the  loop a t  operat ing temperature, t h e  pressure  increased t o  
1 . 4  x t o r r  wi th in  9 minutes  followed by a xore gradual r i s e  t o  2.5 x 
t o r r  a t  t h e  end of a 30-minute period With t h e  loop a t  ambient temperature, 
an i n i t i a l  p ressure  rise t o  9.2 x t o r r  i n  6 minutes was followed by a 
more gradual  i nc rease  t o  2.5 x t o r r  a f t e r  35 m i a u t e s  with the  ion  pumps 
o f f .  The o v e r a l l  pressume r ise  r a t e s  a re  7.0 x torr/min with the  loop 
a t  ambient temperature and 7.8 x 10-9 tor r /min  with the  loop a t  opera t ing  
temperatures ~ 

Mass spec t r a  of t he  r e s idua l  gases  i n  t he  chaiaber were obtained before  
and a f t e r  t h e  pressure  r ise measurements with t h e  loop a t  ambient temperature. 
P a r t i a l  p ressures  obtained from these  spectra  a r e  shown i n  Table I V .  These 
da t a  show t h a t  82% of the  pressure  increase i s  accounted f o r  by the  inc rease  
i n  argon pressure  with apprec iab le  increases  i n  n i t rogen  and helium pressures .  
The inc reases  i n  helium and argon are East probably due mainly t o  evolut ion 
of t h e s e  gases  from the  pumps s ince  t h e  p r e s s u r e  rise r a t e s  a r e  too high 
t o  be accounted f o r  by a i r  leakage and there  seems t o  be no mechanism by 
which t h e  pump could cont inue t o  remove t h e  i n e r t  gases  i n  t h e  absence of 
an appl ied  vol tage .  Concerning i n e r t  gas evolut ion from ion  pumps, Rutherford 
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e t  a l . ( l O )  have s t a t e d  t h a t  "argon re-evolution i s  thus of l i t t l e  concern during 
normal pump operation." On the  b a s i s  of t h e i r  argument, t he  statement should 
a l s o  apply when the  pump i s  turned o f f .  
o the r  hand, s t a t e  t h a t  "atoms which have been dr iven i n t o  the  su r face  and are 
not buried by sput te red  metal can d i f f u s e  back i n t o  the  gas phase." 

Roberts and Vandersl ice( l2) ,  on the  

T h e  data  of Table I V  i n d i c a t e  t h a t  t h e r e  i s  l i t t l e  inc rease  i n  hydrogen 
pressure  and no appreciable  inc rease  i n  oxygen pressure  when the  ion pumps 
a r e  turned o f f  f o r  a 30-minute period w i t h  t h e  loop a t  ambient temperature. 
Since t h e r e  a re  c e r t a i n l y  sources of these  two gases,  t he  small pressure  in-  
c r ease  ind ica t e s  t h a t  t he re  i s  some mechanism by which these  gases a r e  removed 
from t h e  system even with no vol tage appl ied t o  t h e  ion  pumps. I t  has,  i n  
f a c t ,  been reported ao) t h a t  when the  discharge vol tage  i s  turned o f f ,  hydrogen 
pumping continues a t  a subs t an t i a l  r a t e  f o r  "some time." 

One could assume a l s o  t h a t  a s i m i l a r  mechanism i s  e f f e c t i v e  i n  removing 
n i t rogen  from t h e  s y s t e m  and thus the  r a t e  of n i t rogen  pressure  inc rease  i s  
the  ne t  r e s u l t  of a i r  leakage i n t o  the s y s t e m  and some continued pumping by 
the  ion  pumps. 
methane pressure wi th in  t h e  system. The  o r i g i n  of t h i s  methane i s  not apparent.  

The increase  i n  CH3' i s  apparent ly  due t o  t h e  buildup of 

In  summary, i t  appears t h a t  when the  ion  pumps a r e  turned o f f ,  they evolve 
previously pumped i n e r t  gases while cont inuing t o  pump t h e  a c t i v e  gases  a t  an 
appreciable  r a t e ,  a t  l e a s t  f o r  a period of 30 minutes.  I f  similar pressure  
rise r a t e  measurements were continued over a long period of t ime, presumably 
t h e  r a t e  of increase  of argon and helium pressures  would diminish and t h e  
pressures  of these  two gases would approach a near ly  constant  value,  while 
t he  pressures  of the  more a c t i v e  gases  would inc rease  a t  an acce lera ted  r a t e  
a s  t he  pumping sur faces  become sa tu ra t ed .  I t  i s ,  the re fo re ,  recommended t h a t  
pressure  r i s e  r a t e s  be determined f o r  per iods of a t  least seve ra l  hours i n  
f u t u r e  tests of t h i s  t y p e  t o  ob ta in  more information regarding t h e  gas load 
and sources i n  t he  system. 

E.  DISTILLATION OF ALKALI METAL FROM THE LOOP CIRCUITS 

There have been numerous cases  reported by var ious a l k a l i  metal cor ros ion  
i n v e s t i g a t o r s  of de l e t e r ious  e f f e c t s  on t e s t  components r e s u l t i n g  from i n t e r -  
ac t ions  between a l k a l i  metals, s t r i p p i n g  agents  and t h e  t e s t  components w h i l e  
removing res idua l  a l k a l i  metal following completion of t h e  corrosion experi+ 
ment(13,14). 
observed "corrosion" occurred during t h e  test o r  whi le  removing t h e  a l k a l i  
metal with the s t r i p p i n g  agent.  This was a p a r t i c u l a r l y  c r i t i c a l  problem 
i n  t h e  Prototype Corrosion Loop i n  a reas  such a s  the tu rb ine  s imula tor  where 
a l k a l i  metal would not d r a i n  from the  many narrow annul i  and where i n t e r -  
ac t ions  w i t h  s t r i pp ing  agents,  such as a lcohol  o r  bu ty l  c e l l o s o l v e ,  might 
negate t h e  e f f o r t  t o  ob ta in  very accura te  weight change da ta  on the tu rb ine  
s imulator  components. For these  reasons,  i t  w a s  concluded t h a t  vacuum dis -  
t i l l a t i o n  of the a l k a l i  metals from t h e  loop c i r c u i t s  t o  the  surge tanks 
p r i o r  t o  draining and sampling these  systems would be d e s i r a b l e .  

Quite o f t en  i t  i s  d i f f i c u l t  t o  determine unequivocally i f  t he  
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m/e 

TABLE IV. RESIDUAL GAS ANALYSES BEFORE AND AFTER PRESSURE 
RISE RATE MEASUREMENT WITH LOOP AT AMBIENT TEMPERATURE 

2 

4 

15 

18 

28 

32 

40 

44 

Specie 

H2 

He 

CH3 

H2° 

N2 

O2 

Ar 

c02 

Before Pressure Rise(a) 
Rate Measurement 

True Partial Pressure (C) 
Torr 

-9 
3.3 x 10 

1.5 

5.5  

4.6 x 

2 . 8  

I 
TOTAL 1.4 x 

After Pressure Rise(b) 
Rate Measurement 

True Partial Pressure (C) 
Torr 

3 . 8  

-8 
2.9 x 10 

5.6 

3.7 x 

4.6 x 10 -10 

3 . 4  

4.2 

~- ~~ 

-8 
(a) Ion pumps on Ion gauge reading - 1.35 x 10 torr. 

(b) Ion pumps had been off for approximately 50 minutes. 
reading - 3 . 5  to 4.2 x torr. 

Ion gauge 

(c) True Partial Pressure (Torr) is obtained by dividing the Ion Gauge 
Partial Pressure by the ion gauge sensitivity relative to nitrogen. 
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I The f i r s t  s t e p  i n  t h e  preparat ion of t he  loop f o r  d i s t i l l a t i o n  of t h e  
r e s idua l  a l k a l i  metal following completion of the  5,000-hour t e s t  was the  
removal of the thermal in su la t ion  sh ie ld  assembly which surrounded and ther -  
m a l l y  i n su la t ed  t h e  b o i l e r  during test operat ion.  
t o  expose the b o i l e r  c o i l s  d i r e c t l y  t o  heat  rad ia ted  from t h e  d i s t i l l a t i o n  
hea te r s  and acce le ra t e  t he  d i s t i l l a t i o n  i n  t h e  244-inch long tube-in-tube 
assembly . 

The i n s u l a t i o n  was removed 

Specimens of the  Cb-1Zr a l l o y  f o i l  were a l s o  taken from f o u r  regions of 
t h e  loop, bagged and tagged f o r  use i n  determining the  ex ten t  of i n t e r s t i t u a l  
contamination t h a t  occurred i n  various regions during t h e  5,000-hour t e s t .  
f o i l  samples were taken from the  following loca t ions :  

The  

a )  Nine-stage turb ine  s imulator  ( s i n g l e  l a y e r ) ,  

b) Sodium l i n e ,  3 inches from b o i l e r  i n l e t  (12 l a y e r s ) ,  

c)  Potassium vapor carryover  l i n e  (12 l aye r s )  and 

d)  Top c o i l  of sodium hea te r ,  4 inches from top  e l ec t rode  
(12  l a y e r s ) .  

The d i s t i l l a t i o n  hea te r s  were s i x  quar tz  i n f r a red  lamps* with tungsten 
f i laments  which were mounted on s t a i n l e s s  s t e e l  brackets .  These h e a t e r  
bracke ts  were welded t o  t h e  loop support  s t r u c t u r e  a s  shown i n  F igure  9. The 
lamps were connected i n  p a r a l l e l  t o  t h e  main hea te r  power supply used i n  the  
loop operation. Two l aye r s  of s t a i n l e s s  s t e e l  f o i l  were wrapped around the  
loop support  s t r u c t u r e  t o  thermally i n s u l a t e  t h e  loop and qua r t z  hea te r s  from 
t h e  test chamber b e l l  j a r  a s  shown i n  F igure  10. Special  precaut ions were 
taken i n  placing the  quar tz  lamps so t h a t  the  ends would protrude through 
t h e  in su la t ion  out  of the  heated zone t o  reduce the p o s s i b i l i t y  of f a i l u r e  
of the  end sea l s  from overheat ing.  The sodium and potassium surge tanks 
were a l s o  shielded from the  qua r t z  hea te r s  t o  maintain a lower temperature 
than the  l o o p  so t h a t  t h e  a l k a l i  metal d i s t i l l e d  from t h e  loop would condense 
i n  the  coo le r  surge tanks loca ted  i n  the lower por t ion  of t h e  chamber. 

A f t e r  a low power e l e c t r i a a l  checkout of the hea t ing  lamps, the  b e l l  j a r  
was lowered t o  t h e  spool s ec t ion  and the  vacuum chamber sea led .  The turbo- 
molecular pump w a s  used to  rough pump t h e  chamber t o  5 x t o r r .  The i o n  
pump was turned on and a f t e r  approximately f i v e  hours the ion  pump confined.  
The s t a i n l e s s  s t e e l  f o i l  thermal i n s u l a t i o n  which enclosed t h e  loop not only 
cont r ibu ted  t o  t h e  outgassing load but a l s o  reduced the conductance of t h e  
gases  emanating from the  surface of loop components. The  chamber bakeout 
s y s t e m  w a s  turned on a f t e r  t h e  chamber pressure  was i n  the  t o r r  range. 
The system was outgassed f o r  approximately 50 hours w i t h  only the  bakeout 
hea te r s  on. 
The quar tz  hea ters  were then turned on a t  l o w  power. The EM pump power 
was a l s o  turned on a t  approximately 10% of t h e  r a t e d  power t o  heat-up t h e  
pump duct and t o  acce le ra t e  t h e  outgassing of the  metal f o i l  i n s u l a t i o n  which 

The loop temperature during t h i s  per iod was approximately 500°F. 

* General E lec t r i c  Type 3800 Te/VB, 3800 w a t t s ,  570 v o l t s ,  l /z- inch OD X 

43-1/2-inch long. 
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F i g u r e  9. Pro to type  Corrosion Loop Following I n s t a l l a t i o n  of Q u a r t z  Lamp 
Heaters f o r  D i s t F l l a t i o n .  Typical  Heater Mount Shown i n  Enlarged 
I n s e r t .  Six Quar t z  Heaters Ind ica t ed  With Arrows. (Orig. C66631752, 
C66931753) 
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Figure 10. Prototype Corrosion Loop Following I n s t a l l a t i o n  of Two Layers of 
S t a i n l e s s  S t e e l  F o i l  R e f l e c t i v e  I n s u l a t i o n  i n  P repa ra t ion  f o r  
D i s t i l l a t i o n  of A l k a l i  Metals From t h e  Loop C i r c u i t s  t o  t h e  Surge 
Tanks. (Orig . C66041410) 
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which surrounds t h e  pump duct .  During t h e  next 30 hours,  t h e  quar tz  hea te r s  
were slowly increased i n  power t o  reach the  design d i s t i l l a t i o n  temperature 
of 1000'F. The power w a s  increased i n  s m a l l  increments t o  hold the  chamber 
pressure  i n  the  loe7 t o r r  range. 1 

1 pump was used t o  assist the  ion  pump i n h a n d l i n g  the outgassing load.  
During t h i s  period t h e  t i tanium sublimation 

3 
The potassium and sodium i n  the  charge tanks of t h e  t r a n s f e r  s y s t e m  were 

I sampled us ing  the  techniques described and i l l u s t r a t e d  i n  an earlier r e p o r t ( l 6 ) .  
The remaining potassium and sodium i n  t h e  charge tanks was pressurized through 
5-micron s t a i n l e s s  s t e e l  f i l t e r s  t o  t h e  disposal  tanks.  The draining,  sampling 
and f i l t e r i n g  opera t ions  described b r i e f l y  above are covered i n  d e t a i l  i n  
Appendix A of t h i s  r epor t .  

I A t  1200 on A p r i l  2,  1966, t h e  d i s t i l l a t i o n  period began with the loop 
I temperature a t  960°F and t h e  EM pump ducts  a t  1120OF. The vacuum chamber pres- 

s u r e  a t  t h i s  t i m e  w a s  4 x 10-7 t o r r .  
t a ined  f o r  100 hours and a t  t h e  end of t h e  d i s t i l l a t i o n  the  chamber pressure  
had decreased t o  8.7 x 10'8 t o r r .  

The s t a t ed  thermal condi t ions  were main- 

I F .  DRAINING AND SAMPLING OF ALKALI METALS FROM THE LOOP FOLLOWING DISTILLATION 

I A t  t h e  end of the  100-hour d i s t i l l a t i o n  period descr ibed i n  Sect ion E above, 
t h e  sodium and potassium were drained by gravi ty  feed from t h e  loop surge tanks 
t o  t h e  charge tanks loca ted  i n  t h e  t r a n s f e r  sys tems.  The t r a n s f e r  systems which 
conta in  t h e  charge t ank , -d i sposa l  tank and sampling system f o r  each of t h e  
a l k a l i  metals  w a s  described i n  an e a r l i e r  repor t (15) .  I 

The sodium surge tank was g rav i ty  drained and subsequently pressurized 
t o  10 p s i a  with high-purity argon t o  assure  complete t r a n s f e r  of sodium t o  t h e  
charge tank loca ted  i n  t ra i iSfer  sys t em.  Following the  g rav i ty  d r a i n  of t h e  

tank and loop proper was closed and high-purity argon was used t o  pressur ize  
t h e  potassium surge tank t o  10 ps i a  t o  complete t h e  t r a n s f e r  of r e s idua l  potas- 
sium i n  t h e  d ra in  l i n e s  t o  the  charge tank i n  t h e  t r a n s f e r  s y s t e m .  During a 
ten-minute per iod,  no pressure  rise was detected on t h e  loop s i d e  of t h e  i s o l a t i o n  
valve i n d i c a t i n g  t h a t  a gas t i g h t  seal had been achieved when the  i s o l a t i o n  valve 
was c losed .  

I 

I potassium surge tank,  t he  Cb-1Zr a l l o y  i s o l a t i o n  valve located between the  surge 

I 

I 

,' 
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I 

G .  CALIBRATION OF THE PROTOTYPE CORROSION LOOP PRESSURE TRANSDUCERS 

The f o u r  slack diaphragm pressure  t ransducers  used i n  measuring t h e  oper- 
a t i n g  pressure  of t h e  potassium c i r c u i t  of t h e  Prototype Corrosion Loop were 
c a l i b r a t e d  before  and af ter  the  5,000-hour tes t .  The c a l i b r a t i o n s  were made 
with the pressure  t ransducers  i n  the  t e s t  pos i t ion  with t h e  readout equipment 
used i n  t h e  test  operat ion.  The pressure  t ransducers  were c a l i b r a t e d  between 
0-150 p s i a  aga ins t  a Wallace and Tiernan gauge ca l ib ra t ed  t o  + 0.1% of f u l l  
s c a l e .  The m i l l i v o l t  output w a s  measured by, a recording potentiometer with 
an accuracy of + 1/4% of f u l l  s c a l e  (50 m i l l i v o l t s ) .  - 

The accuracy of t h e  s lack  diaphragm pressure t ransducer  as r a t ed  by t h e  
Taylor Instrument Company i s  + 1/2% of the  f u l l  range a t  14.7 ps i a  barometric 
pressure  and room tcmpcrature; 
t h e  pressure  t ransducer  was estimated by t h e  vendor t o  be 0.008 psi/OF a t  the  
sensing element and 0.002 p s i / f t / " F  around the  c a p i l l a r y  tube.  

The e f f e c t  of temperature on t h e  output of 

The p re - t e s t  ca l ib ra t ion (17)  was made with t h e  potassium c i r c u i t  f i l l e d  
and the vacuum chamber a t  500°F which w a s  the  estimated opera t ing  temperature 
of t h e  sensing element and c a p i l l a r y  tube. The c a l i b r a t i o n  a f t e r  5,000 
hours of opera t ion  w a s  made following t h e  d i s t i l l a t i o n  treatment and dra in ing  
opera t ions  descr ibed above. The transducers were c a l i b r a t e d  a t  950" and 600°F 
during the  cool  down period following t h e  dra in ing  of t h e  loop surge tanks.  
The higher  temperature post-operation tests were poss ib le  because of t h e  addi- 
t i o n  of i n f r a r e d  quar tz  heat ing lamps which were i n s t a l l e d  f o r  d i s t i l l i n g  of 
t he  r e s idua l  potassium from t h e  loop before disassembly. 

T h e  r e s u l t s  of t h e  c a l i b r a t i o n  before and af ter  t h e  5,000-hour test are 
shown i n  F igure  11. N o  s i g n i f i c a n t  change i n  t h e  accuracy of t he  pressure  
t ransducers  were de tec ted ;  t he  tes t  da t a  were wi th in  t h e  + 1/2% accuracy of 
t h e  c a l i b r a t i o n  s y s t e m .  Resul ts  obtained on a l l  t he  t ransducers  were s imi l a r .  

The e f f e c t  of temperature a s  estimated by t h e  vendor was f a r  too 
pess imis t i c .  I n  f a c t ,  the  d i f f e rence  i n  the  c a l i b r a t i o n  between t h e  600" 
and 950°F c a l i b r a t i o n  could not be detected by the  c a l i b r a t i o n  equipment 
used. I f  t h e  estimated temperature e f f ec t  was co r rec t ,  t h e  350°F change 
around t h e  15 f e e t  long c a p i l l a r y  tube would have r e su l t ed  i n  an ind ica ted  
p res su re  change of 10.5 p s i  which could e a s i l y  have been de tec ted  wi th  t h e  
c a l i b r a t i n g  equipment used. 

The r e s u l t s  of t h e  c a l i b r a t i o n  given i n  F igure  12, showed t h a t  no s igni -  
f i c a n t  change i n  t h e  performance of the pressure t ransducer  w a s  observed and 
t h a t  t h e  + 1/2% accuracy spec i f i ed  by the  vendor can be a t t a ined .  Although 
no s i g n i f i c a n t  e f f e c t  of t h e  temperature on the  sensing element o r  c a p i l l a r y  
tube  w a s  observed, i t  i s  recommended t h a t  f u t u r e  c a l i b r a t i o n  tests of t h i s  
type  be performed a t  o r  near  t h e  an t ic ipa ted  opera t ing  temperatures.  
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H.  DISASSEMBLY AND EXAMINATION OF LOOP COMPONENTS 

The diassembly of t h e  Pro to type  Corrosion Loop was s t a r t e d  immediately 
a f t e r  t he  completion of t h e  d i s t i l l a t i o n  and removal of t he  r e s i d u a l  a l k a l i  
metal  from t h e  loop as descr ibed  i n  Sec t ion  F of t h i s  r e p o r t .  Following the  
opening of t h e  vacuum chamber, t he  thermocouples, va lve  ope ra t ing  f l e x i b l e  
c a b l e s  and e l e c t r i c  power l e a d s  w e r e  d isconnected t o  permit t h e  t r a n s f e r  of 
t h e  spool  piece t o  t h e  f l o o r  of t h e  test area t o  f a c i l i t a t e  the  disassembly 
of t h e  loop proper  i n t o  i t s  var ious  components. I t  was a l s o  necessary  t o  
remove t h e  EM pump e lec t r ica l  windings ( s t a t o r s )  before  moving t h e  spool 
p iece .  T h i s  was accomplished by removing t h e  s t a t o r  f l a n g e  b o l t s  and r o l l i n g  
t h e  s t a t o r s  back along t h e  overhead t r o l l e y s .  The s t a i n l e s s  s teel  sodium 
pump duct  vacuum can is  shown i n  F igure  1 3  fo l lowing  removal o f  t h e  windings: 
P r i o r  t o  moving the spool  piece, t h e  potassium and sodium f i l l  l i n e s  and t h e  
argon p r e s s u r i z a t i o n  l i n e s  were c u t  w i t h  a co ld  w e l d  pinch o f f  device  which 
sea l ed  the  loop under a p o s i t i v e  argon p res su re .  The pinch o f f  device  used 
was descr ibed i n  an e a r l i e r  progress  r e p o r t  (I8). 

The procedure used t o  t r a n s f e r  t he  loop  and spool  s e c t i o n  t o  t h e  d i s -  
assembly a rea  was as fo l lows .  The b o l t s  connec t ing  t h e  lower spool  s e c t i o n  
f l a n g e  t o  the sump f l a n g e  were removed f i r s t .  The b e l l  j a r  was then  lowered 
t o  t h e  spool s e c t i o n  and bo l t ed  t o  t h e  upper spool  s e c t i o n  f l ange .  The  b e l l  
j a r  and spool s e c t i o n  ( w i t h  t h e  loop)  were h o i s t e d  v e r t i c a l l y  approximately 
10 inches  with t h e  overhead h o i s t  t o  a l low a 2-ton f o r k  l i f t  t r u c k  t o  p o s i t i o n  
a cushioned p a l l e t  under t h e  spool  s e c t i o n .  The spool and b e l l  j a r  were then  
lowered t o  t h e  p a l l e t .  ?he h o i s t i n g  b o l t s  j o i n i a g  t h e  spool  t o  t h e  b e l l  j a r  
were removed and t h e  b e l l  j a r  a lone  was h o i s t e d  up t o  c l e a r  t he  t o p  of t h e  
loop.  The spool and loop were then  moved from t h e  t es t  s i t e  t o  the f l o o r  of 
t he  disassembly a r e a  by the  f o r k  l i f t  t r u c k .  

The f i r s t  phase of loop  disassembly w a s  t h e  removal of a l l  thermocouples 
and thermal i n s u l a t i o n .  The thermocouples were removed i n t a c t  and packaged 
w i t h  t h e i r  i d e n t i f y i n g  number. Se l ec t ed  specimens of t h e  C b - 1 Z r  f o i l  i n s u l a -  
t i o n  were saved and packaged f o r  contaminat ion s t u d i e s .  The components i n  
t he  lower po r t ion  of  the  loop  c i r c u i t s  a r e  shown i n  F igu re  1 4  fo l lowing  removal 
of i n s u l a t i o n  and thermocouples. 

The second phase of t h e  d i sa s senb ly  w a s  t h e  d i v i s i o n  of the Loop i n t o  
i t s  major components. The procedure used w a s  t o  c u t  t h e  connec t ing  tube  
nea r  each component w i t h  t h e  co ld  we ld  p inch  o f f  dev ice  t h a t  s e a l e d  t h e  tube  
a s  the  c u t  was made. This  p recau t ion  was t aken  t o  a l low a more c a r e f u l  exam- 
i n a t i o n  of t he  components f o r  r e s i d u a l  a l k a l i  metal which may no t  have been 
removed during t h e  p o s t - t e s t  d i s t i l l a t i o n .  

The sodium and potassium pump duc t s  and t h e  i n s u l a t i o n  assembl ies  which 
surrounded them were removed from t h e  s t a i n l e s s  steel cans  which form t h e  
vacuum s e a l  to the  chamber wa l l .  The two Cb-LZr  pump d u c t s  a re  shown i n  F igu re  
15  fo l lowing  removal of t h e  20 l a y e r s  of C b - 1 Z r  f o i l  used t o  i n s u l a t e  t he  pump 
duc t s  from the  s t a i n l e s s  s t e e l  vacuum cans which surrounded them. I n  o r d e r  
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t o  determine if any co r ros ion  had occurred i n  t h e  potassium pump, i t  was c u t  
open t o  expose t h e  h e l i c a l  po r t ion  for v i s u a l  exaxina t ion .  This  was actor- 
p l i shed  by f irst  removing t h e  Cb-1Zr end caps .  A small amount of r e s i d u a l  
potassium was  de t ec t ed  a f t e r  removal of t h e s e  end caps and t h i s  was renoved 
by immersing t h e  pump duc t  i n  bu ty l  e t h y l  "Cellosolve."* 
can w a s  removed by m i l l i n g  two l o n g i t u d i n a l  s l o t s  t o  w i t h i n  a few m i l s  Of 

t h e  h e l i c a l  duc t  and then  f o r c i n g  t h e  s l o t s  a p a r t .  The pump duc t s  p a r t s  are 
shown i n  Figure 16 fo l lowing  disassembly. A l l  p a r t s  of t h e  pump appeared to 
b e  unaffected by t h e  5,000-hour t e s t .  

One ha l f  of t h e  duc t  

Examination of t h e  i r o n  t i t a n a t e  (Fe2Ti05) c o a t i n g  on t h e  Cb-1Zr condenser 
f i n s  ind ica t ed  t h a t  no d e t e r i o r a t i o n  o r  c o l o r  ckange had occurred du r ing  t h e  
5,000 hours  of loop ope ra t ion .  
specimen a r e  shown i n  F igu re  17. 
i nch  long f i n  va r i ed  from 1400'F i n  t h e  h o t t e s t  a r e a s  c l o s e s t  to  t h e  condenser 
tube  t o  about 800*F i n  t h e  c o o l e r  reg ions  a t  t h e  o u t e r  edges of t h e  f i n s .  

A po r t ion  of t h e  cocdenser  and an u n t e s t e d  
The temperature  of t h e  8-inch wide by 60- 

A s  discussed i n  Sec t ion  C of t h i s  r e p o r t ,  t h e  p o s t - t e s t  eva lua t ion  of 
t h e  ope ra t ion  c h a r a c t e r i s t i c s  of t h e  meter ing arid i s o l a t i o n  va lves  i n d i c a t e d  
some binding i n  t h e  va lve  gear  d r i v e  s y s t e m ,  During t h e  disassembly,  t h e  va lve  
d r i v e  sys tem was c a r e f u l l y  examined t o  de t emi r , e  t h e  cause  of t h i s  d i f f i c u l t y .  
The metering va lve  assembly i s  shown i n  F igu re  18 fo l lowing  removal f r o n  t h e  
potassium c i r cu i t  of t h e  loop ,  

Visual  examination of t h e  s t a i n l e s s  s t ee l  d r i v e  gea r s  of both t h e  i s o l a t i o n  
and meter ing va lve  revea led  t h a t  g a l l i n g  has  occurred  Setwren t h e  p i n i m  g e a r  
and the  spur gear  as  shown i n  F igure  18. Tk i s  g a l l i n g  was r e spons ib l e  f o r  t h e  
d i f f i c u l t  and e r ra t ic  valve opera t ion  observed on s e v e r a l  occas ions  wheri va lve  
adjustments  were a t tempted ,  The cause of t h e  g a l l i r g  was a misalignment of t h e  
p in ion  g e a r  due to an excess ive  t o l e r a n c e  i n  t h e  f i t  of t h e  p in ion  g e a r  s h a f t  
i n  t h e  tungsten c a r b i d e  bushing. A des ign  change has been i s sued  t o  c o r r e c t  
t h i s  problem and t h e  va lve  ope ra t ion  problen  should be e l imina ted  by t h i s  
change. The bellows and plug a s s e ~ b l y  was then  refloved from t h e  va lve  body. 
These components a r e  shown i n  F igure  19.  N o  ev idence  of wear or e ros ion  w a s  
v i s i b l e  on e i t h e r  t h e  Mo-TZU a l l o y  plug o r  t h e  C h - 1 Z r  seat a f t e r  5,000 hours  
a t  l l O O O F  and 3 potassium l i q u i d  v e l o c i t y  c f  l 7  f t / s e c ,  

I 

The most c r i t i c a l  po r t ion  of t h e  P ro to type  Loop disasserrbly sequence was 
t h e  removal of t h e  No-TZM a l l o y  nozz le  and b l ade  specimens from t h e  Cb-1Zr eas ing  
sf t h e  tu rb ine  s i m l a t o r .  O.re requirement of t h e  test  w a s  t o  o b t a l n  weight 
change d a t a  on t h e  nozz les  arid b l ades ,  Th i s  r e q u i r e w r i t  r e s u l t e d  ir a des ign  
which incorpora ted  a groove alGng t h e  l e n g t h  of t h e  n ine - s t age  t u r b i n e  s imula to r  
and t h e  Cb-1Zr cas ing ,  A Cb-1Zr w i r e  w a s  i n s e r t e d  i n t o  t h i s  groove du r ing  assev-  
b ly  a s  i l l u s t r a t e d  ir; F igu re  20. This  w i r e  se rved  as a key i n  preventLrqgrotatloT 
of t h e  ind iv idua l  nozz les  i n  t h e  c a s i n g  du r ing  tes t  o p e r a t i o n ,  bu t  i t s  p r i n s r y  
purpose was to f a c i l i t a t e  disassembly of t h e  tuso is ie  s imula to r  without  danaglng 
t h e  nozz les  and blades.  By making a l o n g i t u d i n a l  c u t  through t h e  Cb-1Zr c a s i n g  
O v e r  t h e  wire,  i t  was p o s s i b l e  t o  s p r i c g  open t h e  c a s i n g  and f r ee  t h e  Mo-TZM 
specimenowithout c u t t i n g  i n t o  them, The m i l l e d  groove i n  t h e  c a s i n g  1s shown 

* Trademark. 
------ -____ 
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Figure 18. Metering Valve Following Completion of the 5000-Hour Test. 
(Orig. C66042917) 

-43- 



-44- 



C1098- -2 0 

Figure 2 0 .  Turbine Simulator  (Stages 2-10) of t h e  P ro to type  Corrosion Loop 
P r i o r  t o  Assembly. Nozzles and Blades:  Mo-TZM. Tubing, Re-  
ducers ,  Casing and Miscellaneous F i t t i n g s :  Cb-1Zr. 

C65062198 
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i n  F i g u r e  21.  The en larged  view i n  t h i s  i l l u s t r a t i o n  shows t h e  Cb-1Zr w i r e  and , 
t h e  sepa ra t ion  of t h e  cas ing .  Removal of t h e  s t a c k  of n ine  nozz les  and b l ades  
from t h e  casing was done by spreading  t h e  s l o t  approximately 1/16-inch and 
gen t ly  tapping t h e  cas ing .  The specimens s l ipped  from t h e  c a s i n g  wi th  no ev i -  
dence of bonding between t h e  c a s i n g  and t h e  specimens. A d e s c r i p t i o n  of t h e  
specimens and t h e  r e s u l t s  of t h e  weight change d e t e m i o a t i o n s  are given i n  t h e  
next  s e c t i o n  of t h i s  r e p o r t ,  

I 

I .  PRELIMINARY EVALUATION OF TURBINE SIMULATOR COMPONENTS 

Following t h e  removal of t h e  Mo-TZM a l l o y  t u r b i n e  s imula to r  nozz les  and 
b l ade  specimens from t h e  Cb-1Zr containment cas ings ,  as desc r ibed  above, v i s u a l  
examinations a t  a magni f ica t ion  of 30 d iameters  were performed. The en t r ance  
s i d e  of the  t e n  nozz les  and t h e  b l ade - -b l ade  pad assemblies  are shown i n  
F igure  22. The e x i t  sides o f t h e  nozz les  a r e  shown i n  F igure  23. With t h e  ex- 
cep t ion  of a few small s l i g h t l y  darkened areas on t h e  e x i t  s i d e  of  s e v e r a l  of 
t h e  b l ades ,  t h e  specimens looked j u s t  as they d i d  be fo re  t h e  test .  No evidence 
of impingement damage could  be de t ec t ed  on any of t h e  t e n  b l ade  specimens. I t  
may be noted i n  F igu re  22 t h a t  t h e  only  b l ade  specimen which gave a c lear  i n d i -  
c a t i o n  of  the  impingement a r e a  was t h e  b lade  i n  S tage  No .  1. Enlarged views 
of t h e  Stage No.  1 components are  given i n  F igu re  24 t o  i l l u s t r a t e  t h e  e x c e l l e n t  
cond i t ion  of t h e  components from t h e  s t a g e  which showed t h e  most d i s c o l o r a t i o n  
of t h e  impingement a r e a ,  The r e s u l t s  of weight change measurements on t h e  
nozz le s  and b l ades  a r e  given i n  Table  V I  and i n d i c a t e  t h a t  no s i g n i f i c a n t  weight 
changes occurred.  

J. CHEMICAL ANALYSIS RESULTS ON LOOP COMIBNEN'I'S 

Resul ts  h a v e  been rece ived  on s e v e r a l  specimens of loop components and 
t h e s e  prel iminary r e s u l t s  are r epor t ed  below. 

V e r y  t h i n  r e f r a c t o r y  metal  specimens exposed i n  h igh  temperature ,  h igh  
vacuum envi ronrents  a r e  very s e n s i t i v e  i n d i c a t o r s  of t h e  e x t e n t  of con tan ina t ion  
by elements such as oxygen, n i t r o g e n ,  hydrogen and carbon.  The 0.002-inch t h i c k  
Cb-1Zr f o i l  used t o  i n s u l a t e  t h e  loop  was i d e a l  f o r  t h i s  purpose.  Samples of 
f o i l  from t h e  s i n g l e  l a y e r  of i n s u l a t i o n  t h a t  surrounded t h e  n ine-s tage  t u r b i n e  
s i n u l a t o r  were submitted f o r  a n a l y s i s .  The r e s u l t s  ob ta ined  on t h e s e  specimens 
are  g iven  i n  Table  V I I .  I t  msy be noted  t h a t  o n l y  t h e  oxygen concen t r a t ion  
of t h e  f o i l  changed s i g n i f i c a n t l y  dur ing  t h e  5,000-hour tes t .  Although t h e  
i n c r e a s e  of 546 ppn oxygen i s  s i g n i f i c a n t ,  i t  should be noted t h a t  t h i s  amount 
of pickup would amount t o  less than  20 ppn ir, a 0.060-inch t h i c k  tube  w a l l ,  
even i f  a l l  t h e  contaminat ion i s  assumed t o  occur from one s i d e  and less tkian 
1 0  ppm i f  twe-side contaminat ion of t h e  f o i l  i s  assumed. 

R e s u l t s  have a l s o  been ob ta ined  on specimens of t h e  1- inch OD x 0.1-inch 
wal l  Cb-1Zr p ipe  from t h e  potassium vapor ca r ryove r  l i n e  l o c a t e d  between t h e  
s ing le - s t age  and t h e  &Ye-stage t u r b i x  s i m u l a t o r s  ~ 

The tube samples were taken  from ad jacen t  r eg ions  t h a t  ope ra t ed  a t  1780°F 
dur ing  t h e  5,000-hour t es t .  One of t h e  l o c a t i o n s  w a s  wrapped wi th  Cb-lZr f o i l  
i n s u l a t i o n  and t h e  o t h e r  w a s  u n i r s u l a t e d ,  The r e s u l t s  ob ta ined  a r e  l i s t e d  
i n  Table  V I 1 1  and a r e  i n d i c a t i v e  of t h e  v e q  low l e v e l s  of contamination 
achieved i n  t h i s  experir .ent ,  The averages  of the d u p i c a t e  ana lyses  performed 
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1-1 

, 

F i g u r e  21. Cb-1Zr Casing of Nine-Stage Mo-TZM Alloy Turbine Simulator  Showing 
Mi l led  Groove and Cb-1Zr Alignment Wire J u s t  P r i o r  t o  Removal of 
Simulator  Nozzles  and Blades. (Orig. C66050517, C66050526) 

cb- 
Wire 
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I TABLE V I .  SUMMARY OF PROTOTYPE CORROSION W P  TURBINE SIMULATOR TEST 
CONDITIONS AND RESULTS OF WEIGHT CHANGE DATA OBTAINED ON Mo-TWd ALUlY I 

t 
NOZZLES AND BLADE SPECIMENS FOLLOWING COMPLETION OF 5,000-HOUR TEST 

2 1785 1350 

3 1740 1200 

4 1700 1110 

5 1660 1080 

6 1620 1015 

7 1575 1045 

8 1535 845 

9 14dO 860 

10 1450 830 

Stage Nozzle I n l e t  Impingement Weight Change(l), g 
No. Temperature, O F  Velocity, f t / s e c  Qua l i ty  Blade Nozzle - - 

88% 0 +O .008 

+o . 001 +O .006 

+o . 001 +O .008 

+o ,001 +o .009 

0 +O .006 

0 +0.008 * 

-0.001 +O .007 

0 +o .008 

0 +O .007 

1 2000 1125 138' superheat -0.002 -0.001 

Nominal weight of blade specimens w a s  25 g; nominal weight of nozzles was 
255 g. Weight change data obtained t o  fou r  decimal places and reported 
t o  nearest mg. 
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TABLE V I I .  RESULTS O F  CHEMICAL ANALYSIS O F  C b - 1 Z r  F O I L  
TAKEN FROM THE SINGLE LAYER O F  INSULATION THAT 

SURROUNDED THE MINE-STAGE TURBINE SIMULATOR 
DURING THE 5,000-HOUR PROTOTYPE 

CORROSION LOOP T E S T  

I 
C h e m i c a l  A n a l y s i s ,  ppm(  1) 

C I - H - N - 0 - S p e c i m e n  

B e f o r e  T e s t  244 50 3 85 I 

1 
1 

Top R e g i o n  (1400'F) 790 61 6 I10 

B o t t o m  R e g i o n  (1130'F) 750 45 12 120 

I 

(1) R e s u l t s  g i v e n  are t h e  average of d u p l i c a t e  analyses  p e r f o r m e d  
on t h e  0 .002- inch  t h i c k  f o i l .  
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TABLE V I I I .  RESULTS OF CHEMICAL ANALYSIS OF Cb-1Zr 

PROTOTYPE CORROSION LOOP FOLLOWING 
 TUBING(^) FROM THE VAPOR CARRYOVER LINE OF THE 

THE 5,000-HOUR TEST 

Specimen 

Before T e s t  

Chemical Ar?alysis, ppm 
C - H - N - 0 - 

245 46 10 40 

Uninsul a t  ed Tube (2 )  300 51 5 46 

I n s u l a t e d  Tube(3) 304 56 5 30 

(1)  One-inch OD x 0.1-inch w a l l ;  tube temperature  dur ing  test 
w a s  1780°F. 

(2)  Average of two ana lyses .  

(3) Average of f o u r  ana lyses ,  
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show inc reases  of approximately 80 ppm oxygen and 70 ppm carbon i n  t h e  uninsula ted  I 

r eg ion  with no changes i n  e i ther  n i t rogen  o r  hydrogen concen t r a t ions .  I t  i s  i n t e r -  
e s t i n g  t o  note t h a t  t h e  uninsula ted  tube,  which d id  have t h e  b e n e f i t  of the s h i e l d -  
i n g  e f f e c t  of t h e  Cb-1Zr f o i l ,  showed no s i g n i f i c a n t  contamination. T h e  low 
i n c r e a s e s  i n  oxygen and carbon concen t r a t ions  a r e  c o n s i s t e n t  w i t h  the  r e s u l t s  
ob ta ined  on specimens of the  0.002-inch t h i c k  Cb-1Zr f o i l  repor ted  above. 
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IV. FUTURE PLANS 

' A .  Evaluation of t he  Prototype Corrosion Loop Components w i l l  be continued. 

1 B. Preparat ion of top ica l  reports covering t h e  var ious por t ions  of t h e  program 

I 
which have been completed w i l l  continue.  

I 
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1 

APPENDIX A - 

DRAINING, SAMPLING AND FILTERING OF THE POTASSIUM 

AND SODIUM CIRCUITS OF THE PROTOTYPE CORROSION LOOP 

I The p o s t - t e s t  procedures used t o  prepare t h e  t r a n s f e r  and sampling systems 

p r i o r  t o  the t r a n s f e r  of t he  a l k a l i  metals from t h e  loop surge  tanks  a f t e r  d i s -  

t i l l a t i o n  of the a l k a l i  metals from t h e  loops, and t h e  subsequent sampling and 
I 

l f i l t e r i n g  of the a l k a l i  metals are descr ibed i n  d e t a i l  i n  t h e  fo l lowing  s e c t i o n .  
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